Fruit development is normally the result of pollination and fertilization although numerous instances of parthenocarpy and parthenogenesis have been reported in the literature. It has been shown (Muir") that considerable quantities of diffusible growth hormones are released in the style and ovary of Nicotiana tabacum following pollination and fertilization. The investigations of Fitting,s Laibach, 10 Thimann'4 and others have indicated that pollen is a relatively rich source of growth hormones. With this in mind Gustafson7 postulated that the gro*th hormones from the pollen grains and pollen tubes initiate the early stages of fruit development and after fertilization the developing embryo provides additional growth hormones to other portions of the ovary for its development. Van Overbeek, Conklin and Blakeslee17 have stated that the pollen of an ordinary pollination does not contain sufficient auxin to be the sole cause of fruit development. They suggest that the substance from the pollen which initiates enlargement of the ovary and ovule may be a prosthetic group which properly combined in the ovary forms an enzyme which activates the auxin precursor. The verification of either hypothesis requires the examination of the possible sources of the growth hormones involved in fruit development on a quantitative basis.
Experiments were performed to determine (1) the amount of growth hormones in the pollen grain which could be transported through the pollen tube to the ovary; (2) the production of growth hormones during the development of the pollen tube; (3) the amount of growth hormones in the ovary before fertilization; (4) the production of growth hormones in ovary tissues by the action of pollen extracts.
Bioassay of Growth Hormones. alkali is demonstrated. These yields are the. same as those obtained following germination of Antirthinum and Cyclamen. pollen but are much larger than the yields obtained-from germinated pollen of Nicotiana. Although larger amounts of hormones were obtained in these experiments with pollen of Datura collected in June than were obtained in the germination tests with pollen colIe-ted in April, the hydrolysis of the material did not increase the yield of free hormone, which fact is in agreement with the demonstration that no marked chan'ge in concentration of growth substances occurred following germination, of the pollen. Acid hydrolysis did not increase the yield of free hormone from Nicotiana pollen and decreased the yield from Datura pollen. Acid hydrolysis of the pollen of Antirrhinum increased the yield of hormone as much as hydrolysis with alkali increased it. These data indicate that the hormones of -the Nicotiana'pollen are in a bound, inactive state and are only partially liberated during the germination of the grain. The hormones of Antirrhinum pollen are in a bound, inactive state for the most part but are liberated during germination. The hormones of Datura pollen are all present in the free, active form.
Growth Hormones in Ovary Tissue.-The hypothesis of. the enzymatic activation of the auxin precursor in the ovary as a result of pollination made the assumption that a similar condition of active and inactive forms of the growth hormones occurred in the ovary as had been demonstrated by van Overbeek'6 for the coleoptile tip of maize seedlings. Extractions of dried ovary tissue of Nicotiana and Antirrhinum were made to investigate the occurrence of both free and bound forms of the hormones in the unpoflinated pistil. The ovary tissue was dried in vacuo at 600C. and ground to pass through an 80-mesh screen. Determinations were carried out with 20-mg. samples of this material;
The conversion of the bound form of the hormone to the free form by enzymatic digestion was investigated by dispersing the tissue in 10 ml. of KH2PO4-NaOH buffer solution of pH 8.0 with 3 mg. of a commercial pancreatic preparation (Fairchild). Ntumerous tests of this preparation have shown it to have no growth effects in the Avena test. Controls were prepared in which the enzyme preparation was omitted. The'development of-microorganisms in the digestions was prevented by adding 15 drops of toluol every 24 hrs. and tightly stoppering the flasks. Following incubation at 37°C. for 48 hrs., the pH of the mixtures was adjusted to 3.0-4.0 and the hormones were extracted from the mixtures with purified ether. The conversion of the bound form to the free hormone by hydrolysis with 1.0 N NaOH and 0.1 N HCI was determined as in the experiments with the pollen materials.' The concentration of-free hormone was determined by an ether extraction of the ovary tissue dispersed in acidified water for a period of 8 ovary of Nicotiana and Antirrhinum suggested the investigation of substances in pollen which might bring about the activation of the hormones as hypothesized by van Overbeek, Conklin and Blakeslee. Extracts were made by grinding 0.1 gm. of Nicotiana pollen grains with glass dispersing the material in distilled water and toluol, and agitating the mixture mechanically for 37 hrs. at 13°C. The suspension was centrifuged to remove the glass and pollen debris and 16 ml. of a yellowish, slightly turbid extract were obtained. Twenty mg. of dried ovary tissue of Nicotiana (unpollinated pistils) were dispersed in 10-ml. portions of distilled -water and KH2PO4-NaOH buffer solutions of pH 8.0 and 5.9. Two ml. of the pollen extract were added to one set of dispersions, 2 ml. of distilled water were added to a control set and 2 ml. of the pollen extract were added to 10 ml. of water and buffer solutions which did not contain ovary tissue. All mixtures were incubated at 37°C. for 24 hrs. after 20 drops of toluol had been added and the flasks tightly stoppered. After incubation the pH of the mixtures was adjusted to 3.0-4.0 and extractions were made with ether.
The results of two experiments presented in table 4 show that in distilled water and buffer solution of pH 5.9 the mixture of ovary tissue and pollen extract yielded large quantities of free hormones whereas the ovary tissue alone and the pollen extract alone yielded none or little free hormone. In buffer solution of pH 8.0 the same yields of free hormones were obtained from the ovary tissue alone as were obtained from the mixture of ovary tissue -and pollen extract. The conversion of the bound form of the hormone to the free form in an alkaline medium has been observed previously (see table 3 ). These experiments demonstrate that the extract of the pollen contains a. substance or substances which can convert the bound hormones in the dried ovary tissue to free hormones. The above comparisons of the amounts of growth hormones in the pollen and ovary tissue and the demonstration that incubation of water extracts of pollen with ovary tissue yields large amounts of free growth hormones establish the fact that changes in concentration of active hormones in the pistil associated with pollination and fertilization are the result of a-substance or sulistances, other than growth hormones, brought into the pistil by the pollen tubes.
The identity of the effective substance in pollen will be indicated more definitely when the mechanism of free auxin formation in the ovary following fertilization has been established. The investigations of Skoog and Thimann"l and Wildman and Gordon'9 suggest that in some tissues the inactive growth hormones are bound to proteins and thus the effective substance in pollen may be part of an enzyme system which brings about the release of active hormone from protein combinations. Recently Bonner and Wildman' have suggested that the hormone protein complex in the leaves of spinach is an active entity with the enzymatic properties of a phosphatase and that the hormone, indoleacetic acid, is formed from tptophane. The significance of phosphatase in the metabolism of reproduction in plants is indicated by the data of Ignatieff9 who found that the phosphatase activity and the total phosphorous content of pistils and stamens are greater than in any other part of the flowering plant. In plant tissues other than leaves the inactive growth hormones may be true storage forms as indicated by the investigations of Gordon' on the hormone *and protein combinations in wheat grains and the investigations of Berger and Avery2 on the inactive hormone in maize endosperm' The possibility thus exists that the pollen substance is a coenzyme or activator of 'enzymatic systems present in the ovary which liberate active hormones from the storage forms.
Summary.-1. Determinations of growth hormone concentrations in pollen grains and pollen tubes have shown that free hormones are present, in the pollen grains and that variable amounts are present during pollen tube growth. Larger quantities are present in a bound form that can be activated by alkali hydrolysis in the pollen of Nicotiana and by both acid and alkali hydrolysis in the pollen of Antirrhinum. The growth hormones in the pollen of Datura are all present in the active form. Maximum yields obtained by various procedures are in agreement.
2. Little or no growth hormone is present in the active form in dried ovary tissue of Nicotiana and Antirrhinum but large quantities are present in an inactive form that can be activated most completely by incubation at pH 8.0 and less completely by acid or alkali hydrolysis. A water extract of Nicotiana pollen contains a substance or substances which can bring about the conversion of the inactive growth hormones in the dried ovary tissue of Nicotiana to the active forms in an acid medium in vitro.
3. Comparisons of the amounts of growth hormones contained in the VOL. 33, 1947 pollen of a normal pollination with the amounts of diffusible hormones which appear in the ovary immediately after pollination and fertilization and with the amounts of inactive hormones in the ovary indicate that the changes in growth hormone concentrations following fertilization are the result of a substance in the pollen other than the growth hormones. It is suggested that this substance is part of an enzyme system. * 
